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ABSTRACT

Finding an effective treatrnent for the motion sickness-like symptoms that occur in space
has become a high priority for NASA. This paper reviews the background research and
procedures of an experiment designed to prevent space motion sickness in shuttle
crewmembers. The preventive method used, Autogenic-Feedback Training (AFT)
involves training subjects (0 control voluntarily several of their own physiological
responses 0 environmental Streéssors. AFT has been used reliably t0 increase tolerance to
motion sickness during ground based tests in over 300 men and women under a variety of

conditions that induce motion sickness, and preliminary evidence trom space suggests
that AFT may be an effective treatment for space motion sickness as well. Other
applicatons of AFT described include; (1) a potential treatment for post flight orthostatic
intolerance, a serious biomedical problem resulting from long duration exposure (o

micro-g and (2) improving pilot performance during emergency flying conditions.

In space, the absence of gravity alone causes unique physiological stress.
Significant biomedical changes such as body fluid cedistribution, diminished
musculoskeletal strength, changes in cardiac function and sensorimotor control have been
reported.?® The time course of development of these disorders and the severity of
symptoms experienced by individuals varies widely. Space motion sickness is an
example of maladaptation to microgravity which occurs early in the mission and can have
profound effects on physical health and crew performance. Both the American and
Russian space programs have suffered tragic and near tragic accidents, as well as a varied
list of human errors and mistakes which have adversely impacted mission goals.4$
Continued probability of human exposure to microgravity for extended time periods
provides a rationale for the study of the effects of stress, workload, and fatigue on human
physiology and performzmce.lv2

Adaptation is defined as the "modification of an organism Or its parts that makes it
more fit for existence under the conditions of it's environment" .26 Perhaps individual
differences in the ability t0 adapt to microgravity are related to differences in autonomic
plasticity. Autonomic neural plasticity is a term which describes the capability of
organisms to modify autonomic nervous system (ANS) function through learning.?! As
psychophysiologists. we study both physiological and behavioral indicators of human
adaptadon to the microgravity environment, with the goal of facilitating human
adjustment to space as well as readaptation to Earth. The majority of our work has thus
far, been dedicated to finding a method for preventing the symptoms of space motion
sickness.
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Mouon sickness is a completely artiticial disease which has plagued mankind
since we first stepped onto a tloating raft or climbed onto an animal’s back.
Characterized by symptoms ot nausea, emesis, pallor, vertigo, sweating, and general
malaise, motion sickness is not only debilitating, but in the case of military fighter pilots
or astronauts in space, these symptoms can be lethal. Typically, motion sickness is
treated with medications such as scopolamine or promethazine.527 While these
medications may be highly eftective, they produce unwanted side-effects such as blurred
vision, slower reaction time, decreased short-term memory. and tmpairment of decision
making skill. 32327 As such, American military pilots under the influence of such
medications are not allowed to fly solo. 1820

Most research in this field has been devoted to the study of vestibular physiology,
perceptual phenomena, or pharmacological intervention in man and in animals.22 [n
contrast, the primary objective of our own research group has been to develop a method
of training people to conwrol their own motion sickness symptoms.”1725 Our method of
treatment is Autogenic-Feedback Training (AFT). which involves training physiological
self-regulation.

Because our laboratory research®1¥ showed that certain ANS responses were
correlated with, and were indeed predictors of (i.c.. consistently preceded) reports ot
motion sickness distress, it was hypothesized that truining subjects to control these
responses might prevent or reduce symptoms. The observed individual differences in
responding suggested that, to be effective, such vaining would have w be directed at the
different responses for different people. In other words, training would have to be
"tailored” for each individual.

AFT is acwally a combined application of several physiological and perceptual
training techniques, principal among these are Autogenic Therapy?* and biofeedback.
This combined therapies approach produces a methodology which is appreciably more
effective than either of these two techniques when used alone 3771725 Autogenic
exercises provide the subject with a specific set of instructions and method of
concentration which are likely to produce the desired response. For example, self-
suggestions of warmth in the hands and feet are associated with measurable increases in
petipheral vasodilatation.?? Consequently, the time normally spent by the subject using a
trial and error strategy is shortened and the initial probability of making a correct
response is substantally increased. Biofeedback complements Autogenic Therapy by
providing immediate sensory information to the subject about the magnitude and
direction of a response. Operant conditioning procedures allow for more precise control
of a response, as the "reward" (or feedback) can be presented only as the subject makes
gradually larger response changes in the desired direction. As a result, the ultimate
etfectiveness of training is significantly increased.13.17

During a typical training session, subjects are instructed to control a pattern of
(from 12 to 20 different) physiological responses and are given many different feedback
displays, (visual and auditory) simultaneously. Multiparameter fesdback requires
additonal training in attending to a complex set of feedback signals. Verbal instructions
by the experimenter are often required to direct the subject's attention to specific feedback
signals and to advise him of alternative strategies when an tnappropriate response has
occurred. Included in these alemative strategies are elements of systematic
desensitization and progressive relaxation of muscle tension monitored at several sites.

In preparation for tests of AFT in space, we conducted investigations on over 300
pevple. Each study was designed to test the elfectivencss of AFT us 4 countermeasure for
motion sickness und the feasibility of using AFT o prevent or reduce the severity of
SPACE MOLON SICKNCSS SYMPLOmMs 10 derospace crews.

The results o these studies showed: C D increases in motion sickness woleree
were stgniticanthy geeater tollowing AFT than in conuol srovps who recetved o

reatment dre L hanraatiom or an alternatve treatments oo g sha e 20 rinn
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could be effectively administered in a reladvely short period of time (6 hrs total); (3) the
ability to apply AFT to control symptoms was statistically the same for men and women;
(4) the ability to control symptoms could be retained for as long as 3 years after training;
(5) control of motion sickness Symptoms readily transferred across a variety of
nauseogenic conditions; (6) subjects who were highly susceptible to motion sickness
could learn to suppress their symptoms at the same rate as subjects who were initially
more resistant to nauseogenic stimuli; and (7) after extensive examination of potential
intervening variables under controlled experimental conditions, it was concluded that the
primary component of the treatment effect in each of these studies could most probably
be attributed to learmed control of physiological response levels and lability.

Figure | illustrates the cesults of one of these studies.!” Three groups of subjects
(N=12) matched for initial susceptibility to motion sickness tolerance were given six
rotating chair motion sickness inducing tests separated by one week intervals. The two
groups of AFT subjects were given 2 hrs of training before the third, fourth and fifth

rotating chair tests. The control group was given no training or alternative treatment.

Figure L. AFT subjects improve tolerance to rotating chair motion sickness tests
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The validauon of the AFT treatment eftect is substantiated by the observation that
subjects who increased their tolerance to motion sickness inducing tests consistently
showed a b[.'lUSUCZl“)' significant reduction in the magnitude of c.hanges 1n autonomic
responses after training than before, and that control of symptoms during the rotating
chaur tests was related to the degree of autonomic control demonstrated durmo AFT
sessions. AFT has advantages over other selif-regulaton training methods tor this
particular application because it enables tratning individuals to regulate the levels of
multiple physiological responses sxmulmncouslv thus enabling a more system-wide
reduction in reactivity Lo SUESSOIs responses.

AFT, as described in this paper, was developed for use in the NASA space
program as an alternative to traditional pharmacological treatment for space motion

sickness, and has been tested successfully aboard two shuttle missions. 1213 Recently, our

own research group completed a preliminary ﬁtudy“ which was designed to examine the
teasibility of training shuttle crewmembers to increase their bloed pressure during
orthostatic challenge (i.e., a tilt table), as a potential countermeasure for post- ﬂlgh[
orthostatic intolerance (1.2, low blood pressure). The results showed that with AFT
subjects could increase thewr blood pressure and mean arteal pressure (MAP)
stgnificantly trom baseline levels while supwne and during 439 head-up ult. Blood
pressure and MAP were signiticantly higher during ult atfter training than before. The
magnitude ot systolic and diastolic pressure increases tor all subjects ranged maximally
between 20 and 50 mmHy.

A number of ‘space medicine spin-otf” applications for AFT in finding solutions
to Earth-based problems have been and continue to be explored. Included among these
are wsts of AFT for training cancer patients to suppress the nausea associated with
radiation or chemotherapy,!® improvements in the effectiveness of the treatment of
essential orthostatic intolerance (e.g., as in paralyzed patients); and the successful
treatment of military pilots suffering from intractable airsickness, tor whom all other
forms of reatment had failed. 16182 Most recendy, a study demonstrated that AFT

significantly improves pilot performance during emergency flving conditions in a number

of areas tncluding: crew coordination and communication, plmmng and situational
awareness. stress management, and aircral’t handling. ' It was concluded that the pilot
pertormance improvements observed were due to learned seli-regulation of autonomic
responses to environmental stressors. These findings may be instrumental in reducing
stress-related performance decrements associated with ‘human error’ fatal aircraft
accidents. In the future, we hope to apply the lessons leamed about multi-crew aircraft
performance to passengers and crew in spacecraft.
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